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| S'I.ides with a.' )11 baoc'k'grou'nd; CQ-mIOuting |
challenge e k-
. F1xed w1dthtextW|thth|s . e o | :
.. backgroundindicates = . \"cd ~/Day 2/Se551on =

~ commands you should run in -
the terminal.

This logo will also remind you
thatyou haveworktodo.
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Slldes Wlth a Gold background hlnts
solutlons or explanatlons |

- They'll also have this logoasa
~ reminder that we're working
+ onachallenge.

. »
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- Part 1: Stars in a-Nuts
“ "fYou’d look pretty simple from 10 parsecs away, too.™
| — Fred Hoyle

2]




P
He
Helium
4.003

152

H Periodic Table of the Elements
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Configurations denoted with a *
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are unknown and the listed values ar prodicted
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Lutetium

174.967
[XeJ4r'45d1 652

Lawrencium
[262]
[Rn)5¢ 64! 752
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There are many‘reasons to study stars.
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- We can't visit stars'(ye.'t),.so we cén only
~study the light they emit or models of them.
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Modules.for Experiments in Stellar
Astrophysics
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How do observers tell stars apart?

o

Brightness

4

“Luminosity”  “Effective Temperature”
(and distance)

Py |
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Brightness is how bright a star appears to be.
Luminosity is how much energy itemits per -
unit time in all wavelengths. - K —

- This bulb has a luminosity of 5 Watts, .
but its brlghtness depends on how
close you are to it.

JSG Accessories®

LED Light

For the sun,

L Lo — 5 S o 1~

—

WEe'll call this unit a solar luminosity
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The effectlve temperature ofa hot 7 e
object determlnes its color. . R

Bluer

Cooler = Redder

a0 2000 3000 4080 5040 6000 TAAD A0AD AND.{AMAM (8

‘image credit: primedomotics.com
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Stars in clusters have the same age and .
dlstance but dlfferent luminosities and colors.

3
U O L R
SO s R o, L 4 RNEREE L e 2. EeE .

The Pleiades star cluster

Image credit: Raul Villaverde Fraile
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We show the luminosity/color of a stars on a
Hertzsprung-Russell (HR) diagram.

The Pleiades Cluster

Brighter —

“[Related to \\

e e " FLuminosity .

-
)
=

E

A
4

< Bluer/Hotter
Luminosity increases along y-axis
Effective Temperature

e
AI0NTZ Related to Effective Temperature
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We show the luminosity/color of a stars on a
Hertzsprung-Russell (HR) diagram.

The Pleiades Cluster

N - What'sup UTW

with this, trénd;?;'; g

< Bluer/Hotter

Luminosity increases along y-axis
Effective Temperature
along x-axis
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Stars form when a cloud of mostly hydrogen gas
and dust is compressed by its own graV|ty 1

100 au

j Radio: ALMA (ESO/NAQJ/NRAO), S. Andrews et al. & A. I§ella et al.
J 2022-06-24 HPC Academy: The Lives of Stars [16]




Stars form when a cloud of mostly hydrogen gas
and dust is compressed by its own graV|ty 1

Tempgrature increases.  JE

j o e r . Radio: S Andrews Stal. & é la et al.
J 2022-06-24 HPC Academy: The Lives of Stars [17]




Stars form when a cIoud of mostly hydrogen gas
and dust is compressed by its own gravity.

—
. ®

. If pro.tbstar is massive and gets hot e'hough; o -

It _be_c}ins fusing o helium
~inits core and

A star I

.Jlj |
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Wh|Ie stars fuse hydrogen to hellum we say
_they are main sequence stars.

' He-rich core -

"Unburned” Hydrogen envelope

ZAMS: Z.fer o Age Main Sequence -
- Newborn stars at the beginning of

© TAMS:Te

hydrogen t

their main se

ifetime

Sequence
Stars that t of
cores

The sun is roughly halfway between
ZAMS and TAMS
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The main dlfference between stars |n a
cluster is their |n|t|al mass.

.Jlj
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The main dlfference between stars in a
cluster is their Initlal mass.

”lj
2022-06-24 HPC Academy: The Lives of Stars [21]




~ Part 2: Fin'd'ing-the' M . Jence

"fTo err is human, but to really foul things up requires'a




Goal: Use MESA to create stars of a varlety

~ of masses to reproduce the main sequence

MESA

~ Modules for

2]

- Astrophysics

Experiments in
Stellar
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Task 1: Get set up (if you aren’t already)
" A. Launch apps (use search box in lower left of screen)

+ WinscP &
« PuTTY £° ?
B Log in to bgsc on WlnSCP/PuTTY (if you haven
' * hostname: bgscz uwec.edu

. ready):

* Username (login as)/password Iast we
C. Navigate to directory: - -

« WinSCP:Day 2 — Session . 5—>to ZA
e PUTTY: $ cd ~/Day 2/Session 5/to ZAMS

e

g 2022-06-24 HPC Academy: The Lives of Stars [24]



Task 2: Set the mass of ‘your star

. A. Select your mass
o Visit.this page https //b1t 1y/hpc stars- 2022
* Follow instructions to pick a“ random mass ‘
B. Setmass for simulation '
e Openinlist project in WlnSCP by d uble=clickin

* Fillin the mass on the right side-of the edUEISIGRIGREN! line
that sets initial mass, and then save (CEIESIENRC “lose it

. I starting specifications Replace“CHANGE ME”W|th your mass
. initial mass = CHANGE ME|! in Msun units
pC> 1initial z = 0.02 | 2% of star by mass is elements

g 2022-06-24 HPC Academy: The Lives of Stars [25]


https://bit.ly/hpc-stars-2022

Task 3: Run the Slmulatlon

A. SmeltthEJOb $ sbatch run to ZAMS . sh

© B. Wait for job to complete (typically around p) mmutes)

* You can check how-it'is doing by Iooklng at the end of the
mesa.out file-$ tail -n 20 mesa.out

 This shows thelast 20 lines gjf the file me

e Simulation is dohe when you see somet

% k %k k

* Final Luminosity , : L _sun *
| * Final Effective Temperature: 39977.8 K 9
'Q >k 3k 3k 3k 3k >k >k 5k 3k 3k 3k >k >k 5k 3k 3k 3k >k >k >k 3k 3k 3k >k >k >k 5k 3k >k >k >k >k >k 3k >k >k >k >k %k %k %k >k >k >k %k %k %k
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Task As Report Fmal Lum|n05|ty and
Effectlve Tem peratu re -

“A. After runis over, locate flnal luminosity and effective ,
temperature from mesa.out $ tail -n 20 mesa.out
-~ B. Report data to google form (same as earller i

‘https://bit. 1y/hpc -star

e Note:6.02E23 is shorthand for6702 x4
Google forms understands this notation,

tation).
it. 3§
- C. Check out the neat video of your simulatio

. -« Download to_ZAMS.mp4 using WlnSCP and watch it to see
e how the star evolves

g 2022-06-24 HPC Academy: The Lives of Stars [27]
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B (3 The'vari.'ety.of'ma'ss'es hélpé._explain
. Where on the main sequence a starfalls. " .

o
=
>
-
§%)
o
=
g
3
—

Star Mass [Mg)]

R
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* Part 3: Ste.'l.lar_l—'if.etim .

- "The bigger they are, the harder they fall”’




Different clusters look slightly dlfferent oly
the HR diagram.

Different colors =
different clusters

Low-luminosity
cutoffs due to
telescope sensitivity

High-luminosity
differences... less
clear
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| Perhaps massive stars leave mam sequence
~more rapidly than low-mass stars7 '

. Asstarruns out of hydrogen
~+ Core contracts
.» Envelope expands

.Jlj
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Perhaps NERIE stars leave m
“more rapidly than low-masg

. As star runs out of hydrogen
~+ Core contracts
.» Envelope expands

' Star appears |

If massive stars leave main
sequence first, should find a

- turnoff on HR diagram that
varies with age

.Jlj
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Task 5: Set up for flndmg Termlnal Age
Mam Sequence (TAMS)

" A. Nawgate to Day 2/Se551on 5/to_TAMS

«  WinSCP: Use dropdown menu to get back to Se551on 5, then
open to TAMS" | ; -

 Terminal: $ cd ~/Day_2/Session_S/to_TAMS
B. Editinlist project again to set the m
* Openinlist project in WinSCP by it
* Fill in the mass on the right side of the equ e line
that sets initial mass, and then save (Ctrl-S) and close it

ue

e
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Task 6: Run the Slmulatlon

—

A Submltthejob $ sbatch run_to TAMS.sh

© B. Wait for job to complete (typically around p) mmutes)

* You can check how-it'is doing by Iooklng at the end of the
mesa.out file-$ tail -n 20 mesa.out

e This shows the'last 20 lines pf the file me

e Simulation is dohe when you see somet
% >k 3k 3k >k 5k >k >k 5k >k 5k >k >k >k >k 5k 5k >k >k %k >k >k >k >k >k %k >k %k Xk

* Final Age: 6.04E+06 years *

Xk >k 5k >k 5k 5k >k 5k >k 3k 5k >k 5k 5k %k 5k >k 5k 5k >k >k >k %k 5k >k >k %k >k k

e
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Task 7: Repert Final Age at TAI\/IS

A. After run.is over, Iocate final Ium|n05|ty and effective
' temperaturefrom mesa.out '$ tail -n 20 mesa.out

»  Final results should o2 surrounded by a box ofasterlsks near .-
the bottom of the file

* Note: this will again be in scientif'ic;,n'otat’

B. Report mass and final age (at TAMS) on
https://bit.ly/hpc-star-a
»  Scientific notation is still valid. For exampl

e
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Yes! Massive stars live fast and die hard. .

TN 10 o guzdiers: big tank and hoitible iidenay. .-

-— v |

e
g J 2022-06-24



Astronomers use th|s “Main Sequence
Turnoff” to estlmate the age of clusters B

e
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